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(54) Ethylene-vinyl alcohol polymer compositions and use thereof 



(57) Disclosed is a polymer composition which com- 
prises as the main components an ethylene-vinyl alco- 
hol base copolymer (A) and a block copolymer 7B)^ 
which has a polymer Hock containing an aromatic vinyl" 

monomer unit and a polymer block containing an iso- ^ s 

butylene unit, andjn which a phase composed of said-- 
component (A) and a phase composed of said compo- 
nent (B) are separated from each other. This polymer 
composition has good flexibility or rubber elasticity and 
also good barrier properties to gases or the like and it 
can be molded or formed into a product having such 
properties without a vulcanization step so that it is use- 
ful as a material for packaging material for food or drink, 
container packing, medical container tor infusion fluri or 
the like 
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This invention relates a polymer composition comprising as main components an ethylene-vinyl alcohol base 
copolymer and a specific block copolymer and also to usage of said polymer composition. 
5 Ethylene-vinyl alcohol base copolymers have come to be used for various applications such as food packaging 

materials because they have high-grade barrier properties against many gases and organic liquids and different from a 
polyvmylidene chloride resin or polyvinyl chloride resin, they do not emit harmful gases at the time of disposal by incin- 
eration. For example, in addition to the application to food packaging materials making use of high-grade gas-barrier 
properties, that to automobile gasoline tanks making use of high-grade barrier properties against an organic liquid are 
io actualized or under investigation. 

Ethylene-vinyl alcohol base copolymers, however, are inferior in flexibility so that they are generally used as a com- 
position or laminate with a flexible resin such as a polyolefin. 

Ethylene-vinyl alcohol base copolymers generally have low affinity and inferior compatibility with other resins so 
that a composition obtained by mixing an ethylene-vinyl alcohol base copolymer with a flexible resin tends to substan- 
'5 tially lose the bamef properties which the copolymer originally has. The laminate formed of a layer of a flexible resin 
and a layei of the ethylene-vinyl alcohol base copolymer, on the other hand, has improved flexibility compared with the 
single layer of the ethylene-vinyl alcohol base copolymer but is insufficient in flexibility in some applications. 

A bre tube for bicycles, a container packing for hermetic sealing between a beverage bottle and a crown cap there- 
for or hermetic sealing between a pharmaceutical bottle and a lid therefor or the like is requested to have both gas-bar- 
so her properties and flexibility or rubber elasticity. For example, IIR (butyl rubber) is generally used for the tire tube for 
bicycles to satisfy the high-grade gas-barrier properties and rubber elasticity necessary for the tire tube, while NR (nat- 
ural rubber) or IIR is generally used for the container packing to satisfy the flexibility, rubber elasticity and gas-barrier 
properties necessary for the packing. 

In order to allow molded or formed products, which have been obtained using the above-described NR or IIR, to 
25 manifest rubber elasticity, however, a cumbersome vulcanization step is added subsequent to a molding or forming 
step. Since NR has not so high gas-barrier properties, a container packing or the like obtained using it is disadvanta- 
geous in the long-term shelf stability of the contents enclosed in the container. 

Proposed as a polymeric material having excellent flexibility and rubber elasticity and besides not requiring a vul- 
canization step are thermoplastic elastomers such as SEBS [polystyrene-poly(ethylene-butylene)-polystyrene triblock 
30 copolymer] and SEPS [polystyrene-poly(ethylene-propylene)-polystyrene triblock copolymer], but their gas-barrier 
properties are not always sufficient. 

As another thermoplastic elastomer, a block copolymer having a polymer block of an aromatic vinyl monomer and 
a polymer block of isobutylene is known and its applications to a pharmaceutical rubber stopper, a pharmaceutical con- 
tainer and the like are proposed (Japanese Patent Application Laid-Open No 5-212104 and Japanese Patent Applica- 
35 tion Laid-Open No 5-269201). The gas-barrier properties of the above elastomer are however insufficient in some 
applications 

In European Patent Application Laid-Open No. 572,667. described is a process for improving impact resistance of 
a thermoplastic resin, which comprises incorporating 0.5 to 35 parts by weight of the above-described block copolymer 
having a polymer block of an aromatic vinyl monomer and a polymer block of isobutylene in 100 parts by weight of the 

*o thermoplastic resin Examples of the thermoplastic resin include polycarbonate, polyphenylene ether, polystyrene, 
polyolefin. polyester, polyvinyl chloride, styrene-methacrylate-acrylonitrile copolymer, methacrylate-styrene copolymer, 
acrylonitrile-styrene copolymer, polymethyl methacrylate, polyphenylene sulfide and polyvinyl acetate. No description 
of an ethylene-vinyl alcohol base copolymer is included in it In the above literature, it is described that the above resin 
composition composed ol a thermoplastic resin and a block copolymer has good heat resistance, impact resistance. 

45 solvent resistance and compatibility but a description of barrier properties against gases or the like is not included. 

An object of the present invention is to provide a novel polymeric material which is useful as a material for the prep- 
aration of a molded or formed product having good flexibility or rubber elastiaty and good barrier properties against 
gases or the like without a vulcanisation step 

Another object of the present invention is to provide various applications in which the above-descrbed excellent 

w properties can be exhibited effectively 

As a result of an exlensive investigation, the present inventors have found that a polymer composition obtained by 
melting and kneading an ethylene-vinyl alcohol base copolymer and a specific isobutylene base block copolymer into a 
specific stale permits'the formation of a molded or formed product having both good barrier properties and good flexi- 
bility or rubber elasticity They have proceeded with a further investigation and at last, completed the present invention. 

55 In one aspect of the present invention, there is thus provided a polymer composition (which may hereinafter be 

called "polymer composition (C)"): 

(1) which comprises as main components the following components (A) and (B): 
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Component (A): an ethylene-vinyl alcohol base copolymer, and 

Component (B): a block copolymer which has a polymer block (b1) containing an aromatic vinyl monomer unit 
and a polymer block (b2) containing an isobutylene unit, and 

5 (2) in which a phase composed of the component (A) and a phase composed of the component (B) are separated 
each other. 

In another aspect of the present invention, there are also provided applications of the above-described polymer 
composition (C), which will be described below in 1-12: 

w 

1 . a molded or formed product, which comprises the above-described polymer composition, 

2. a molded or formed product having a laminated structure comprising at least one layer composed of the above- 
described polymer composition and at least one layer composed of another material, 

3. a packaging material for food and drink, which comprises at least one layer composed of the above-described 
rs polymer composition, 

4. a container comprising at least one layer composed of the above-described polymer composition, 

5. a bag in box having an internal bag, which comprises at least one layer composed of the above-described poly- 
mer composition, 

6. a container packing comprising at least one layer composed of the above-described polymer composition, 

so 7. a medical container for infusion fluid, which comprises at least one layer composed of the above-described pol- 
ymer composition, 

8. a storage tank for an organic liquid, which comprises at least one layer composed of the above-described poly- 
mer composition, 

9. a transfer pipe for an organic liquid, which comprises at least one layer composed of the above-described poly- 
ps mer composition. 

10. a hot-water pipe for heating, which comprises at least one layer composed of the above-described polymer 
composition, 

1 1 . a resin-made wall paper, which comprises at least one layer composed of the above-described polymer com- 
position, and 

> 12. a tire tube comprising the above-described polymer composition. 

The polymer composition (C) of the present invention comprises as main components the above-described com- 
ponents (A) and (B). 

The ethylene-vinyl alcohol base copolymer (which will hereinafter be abbreviated as "EVOH"), which is the compo- 
nent (A) of the present invention, is a copolymer composed mainly of ethylene units (-CH 2 CH 2 -) and vinyl alcohol units 
(-CH 2 -CH(OH)-). No particular limitation is imposed on EVOH usable in the present invention and those known to be 
used for molding or forming purpose can be given as examples of it From the viewpoint of imparting the resulting pol- 
ymer composition with high barrier properties and good moldability or for inability, however, the content of ethylene units 
of EVOH is preferablyJO to 99 mole%. more preferably 20 to 75 mole%, more preferably 25 to 60 mole%. particularly 
25 to 50 mole%. EVOH is, as will be described later, typically a saponif cation product of an ethylene-fatty acid vinyl 
^ster base copolymer. In the case of thesaponification product of an ethylene-fatty acid vinyl ester base copolymer, the 
saponification degree of fatty acid vinyl ester units is preferably at least 50 more%. more preferably at least 90 mole%. 
more preferably at least 95 mole%. particularly at least 98 mole%. from the viewpoint of imparting the resulting EVOH 
with high barrier properties and heat stability. 

The melt flow rate (as measured under the conditions of a temperature of 210 e C and a load of 2.16 kg in accord- 
ance with the method described in ASTM D1238) of EVOH is, from the viewpoint of good moldability or formability. pref- 
erably 0.1 to 100 g/10 min and more preferably 0.5 to 50 g/10 min. with 1 to 20 g/10 min being particularly preferred. 
The intrinsic viscosity of EVOH is preferably 0. 1 to 5 dl/g and more preferably 0.2 to 2 dl/g at 30°C in a mixed solvent of 
85 wt.% of phenol and 1 5 wt.% of water. 

In addition to ethylene units and vinyl alcohol units, EVOH may contain other structural units if their amounts are 
small (preferably 10 mole% or smaller relative to the total structural units) Examples of the other structural unit include 
units derived from a-olefins such as propylene, isobutylene, 4-methylpentene-1, 1-hexene and 1-octene; vinyl carbox- 
ylates such as vinyl acetate, vinyl propionate, vinyl versate. vinyl pivalate. vinyl valerate, vinyl caprate and vinyl ben- 
zoate; unsaturated carboxylic acids and derivatives thereof (ex. salt, ester, nitrile. amide or anhydride) such as itaconic 
acid, methacrylic acid, acrylic acid and maleic anhydride; vinyl silane base compounds such as vinyl trimethoxysilane; 
unsaturated sulfonic acids and salts thereof; and N-methylpyrrolidone. EVOH may have a functional group such as 
alkylthio at its terminal. 

No particular limitation is imposed on the preparation method of EVOH. For example, EVOH is prepared by prepar- 
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good moldability or formability. component ( aj and the resulting polymer composition has 

the proportion of the polymer block (b1 ) is at least 5 v7/3t>T , ° 5 ^ % 66,09 more P fe,err ed When 
a.so the po,ymer co£Lon „ith £ 'co^St (S 'nt^o^'riSn ^^ ^ ^ ^ and 
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be given. 

Q-[C(R 1 )(R 2 )-(b2-b1) m -(b2) k -] n (|) 

Q-[C(R 1 )(R 2 )-(b1-b2) m -(b1) k -] n (||) 

SX?^ 6 ? an ™ lent J*ocart,on group, bl represents a polymer block (b1). b2 represents a polymer 
SS^S' « ♦ ,ndependen,| y re ? resents a C 1 -20 alkyl or aralkyl group, k stands for 0 or 1 and m and n each 

independently represents an integer of 1 or greater, with the proviso that m is preferably 1 

' **J!f C0 I dinB tD 3 T ir6C L meth0d ' 3 ,UnCti0na ' 9rOUP ™ y be introduced '"to the b1/b2 block copolymer within an 
extent not impairng the performance of the polymer composition of the present invention. Examples of the functional 
group which can be introduced include hydroxy!, amino, alkylamino. epoxy. ether (ex. alkoxyl), carboxyl ester (ex alkox- 
ycarbonyl or acyloxyl), amide (ex. carbamoyl, alkylcarbamoyl or acylamino) and a group (ex. maleic anhydride residue) 
having a structure of dicarboxylic anhydride. ' 

No particular limitation is imposed on the preparation process of the b1/b2 block copolymer. It can be prepared for 
example, by carrying out stepwise, in an inert solvent, the polymerization operation of a monomer composed mainly of 
an aromatic vinyl monomer and the polymerization operation of a monomer composed mainly of isobutylene in an 
optional order in accordance with the conventional manner by using a polymerization initiator system; and then modi- 
fymg the reaction product as needed by using a compound containing a functional group or the like compound 

As the example of the polymerization initiator system usable here, a mixed system between a Lewis acid and an 
organic compound capable of forming a species active to cationic polymerization with the Lewis acid can be given 
Examples o the Lewis acid usable include titanium tetrachloride, tin tetrachloride, boron trichloride and aluminum chlo- 
ride. Examples of the organic compound capable of forming a species active to cationic polymerization with the Lewis 
acd include b, S (1-methoxy-1-methylethyl)benzene. bis(1-acetoxy-1-methy.ethyl)benzene and bis(1-chloro-1-methyle- 
hyl)benzene. Together with the above^escribed Lewis acid and organic compound, a stabilizer for the species active 
to polymerization, for example, amides such as N.N-dimethylacetamide. esters such as ethyl acetate pyridines and 
amines can be used as needed. In addition, as an inert solvent for polymerization, organic solvents such as hexane 
cyclohexane. methylcyclohexane. methyl chloride or methylene chloride can be used 

The linear b1/b2 block copolymer can be prepared, for example, by (1) using as a polymerization initiator system a 
Lewis acid and an organ,c compound containing in its molecule one functional group capable of forming a species 
active to catonic polymerization, adding a monomer composed mainly of isobutylene to a reaction system to cause 
polymerization, thereby forming a polymer block (b2) and then polymerizing a monomer composed mainly of an aro- 
matic vinyl monomer, thereby forming a polymer block (b1); or by (2) using as a polymerization initiator system a Lewis 
acid and an organic compound containing in its molecule two functional groups capable of forming a species active to 
canonic polymerization, polymerizing a monomer composed mainly of isobutylene. thereby forming a polymer block 
(b2). and then adding a monomer composed mainly of an aromatic vinyl monomer to the reaction system to cause 
polymerization, thereby forming polymer blocks (b1 ). 

The star-shaped b1fc2 block copolymer can be prepared, for example, by us.ng as a polymerization initiator sys- 
tem, a Lewis acid and an organic compound containing in its molecule at least three functional groups capable of form- 
ing a spec.es active to cationic polymerization, polymerizing a monomer composed mainly of isobutylene thereby 
forming a polymer block (b2) and then adding a monomer composed mainly of an aromatic vinyl monomer to the reac- 
tion system to cause polymerization, thereby forming polymer blocks (b1). 

In the polymer composition according to the present invention, at least two EVOHs can be used as the component 
(A) and at least two bl/b2 block copolymers can be used as the component (B). 

It is preferred that the polymer composition of the present invention contains the components (A) and (B) in a total 
amount of at least 55 wt%. more preferably at least 70 wt.%. particularly at least 95 wt.%. in order to impart the polymer 
composrt-on with both good flex.bilrty or rubber elasticity and good bamer properties against gases or the like Moreo- 
ver, m the polymer composition of the present invention, it ,s preferred that weight ratio of the component (A) to the com- 
ponent (B) (alls with.n a range of from 99: 1 to 5:95 in order to impart the polymer composition with both good flexibility 
or rubber elasticity and good barrier properties against gases or the like. 

In the polymer composition (C) according to the present invention, the component (A) and the component (B) form 
separate phases, respectively when microscopically observed, while they are uniformly distributed when macroscopi- 
ca l y observed Accordingly, the polymer composition (C) embraces the polymer compositions^*!™* will be described 
below in (i). (n) and (iii). 

(i) A polymer composition (which may hereinafter be called "polymer compos.tion (C-1)") in which a phase com- 
posed of the component (A) forms a matrix phase and a phase composed of the component (B) forms a dispersed 
particle phase. 
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(ii) A polymer composition (which may hereinafter be called "polymer composition (C-2)") in which a phase com 
a P ma1i^ 

S^Z e l^r^ n J W l Ch T V h6reinafter be Ca ' led «W«on (C-3)") in which a phase com- 

Z ^nltwor^nTre ™ 3 P " °' "* (B) ™ tor ™° an ^eneS- 

The polymer composition (C) of the present invention has both good flexibility or rubber elasticity and oood barrier 
propert.es agon* gases or the like and has the merit that it can be molded or formed into a p^ne^ng^^ 

(C 2) and (C-3). In general, the polymer composite (C-1) tends to be excellent particularly in the barrier Drooerties 
TV aS T ° r9aniC ' iqUidS 3nd the ,ik6 ' ,hS P0lymer com P^ition (C-2) tenSs to be Jo^panZa ZuS 

Whether the polymer composition containing the components (A) and (B) corresponds to the above-described col 

r d i c 3 « n G ' 1 ■ ,n other : ords - whe,her ihe component (a > ^ a ™«* p*** and J^^i^L 

r^S^^VTJi^ be COnf 7 eXamP ' e - b/ ° bSerVing the COmpo ^ on under a^anning e e*™ 
microscope (SEM) as follows. For example, the polymer composition is formed into a sheet of 1 mm thick but not n™ 

* !S ™™f f C ° mpreSsion moW -9 -der heating, fo.lowed by immersion in B^^en 

™ « . P L ^ e 6 Sh6et Sufficien,, y- ^ is then taken out from the liquid nitrTen S i^ 

7 y ™ e Sample 50 r ^ red * ™m«ed in toluene having 50 times the weight of the sar^Ta 

S ^ ^ 6 Cr . 0SS : SeCti0n is 6,ch6d t the com P— t (B) is dissolved and removed] wT^ou casing 
cross-sect on so treated to see that the vacancies (cavities) adjacent each other are substantially free (vacanc 2 are 
25 TnTSeS 

Whether the polymer composition containing the components (A) and (B) corresponds to the above-described nol 
^S^^'J^T^T^T" COmP ° nent (A > 'o-s adispersS particle £?£S?£& 
3S »hT , P 3 56 conf,rmed ' ,or exam P'e. by observing the composition under SEM as follows For 

SStS ^ C ° H mp ° Srtl0n ,S ,ormed int0 a she « ° f 1 ™ «<*. but not necessarily l.mited to such a sh^ Z 
sXnT Th 9 1 Unde : heat,n9 - f0ll ° Wed b/ immerSI '° n in 3 liqukJ nitr °9 en ur * er "oriil pressure to cool the^ 
sufficiently The sample .s then taken out from the liquid n,trogen and is promptly ruptured The sample s^wed 2 

zr^: n i s r ien : amount * a 8:2 {voiume ratio) mixed so,vent ° f iso^i^^^T^^; 

,5 Sr^STnS^"^ 6 Cf ° SS - SeCti0n iS 6tChed <"» com P°"^ (A) is dissolved and removed) without causing 
* physical damage. The cross-sect.on ,s then dried then subjected to ion sputtering. By observing unde SEM the 

cross-sect-on so treated to see that the vacancies (cavities) adjacent each other are ^S^J^SSZ 

toTa"^ 

Whether the polymer composition containing the components (A) and (B) corresponds to the above-described nol 
« ymer composmon (C-3). in other words, whether a phase composed of the component wlZT P Z7ecT^^a1 
the component (B) forms an interpenetrating network structure can be confirm^ for example bas* on theTs U S o 
an .mmers.on treatment ,n a solvent as follows. Described specifically, the sample of Te polZ oSS 

ZS!^ " 2T 6 for K SUf,iCienl Pefi0d °' time (f ° r 6Xamp,e ' immersi0 " in W«e™ hatirj 50^ ftfJSS^he 
sample at 20»C for one hour), whereby the component (B) can be extracted. On the other hand another saSe o the 

th^inTe a Tcl^ Tt ^ ,SOPr ° Pyl a,COh °' ^ Wa,€r ' "* S °' Vent havin 9 50 times "•*rtgh! of 

S^d^U h y the COmponent < A > can be e * ra *ed So. if there remains a substance wit?- 

^ ° f ^ « «n be judged that the phase co^o id 

^. ^V^^ COmpOSiti ° n (C " 1) has a matrix P hase fo ™ed of the component (A) so that it effectively exhibits mark- 
mJ'cor^r^T Z a9ainSt 9aSeS " ° r9anlC ' qUdS ° f me ,ike " wNch are ,he P W«« oriainanj Possess™^ 
to^^ i ^ ^ me L COm P° sitlon (C- 1 ) ^* a ins. as a dispersed particle phase, the component (B) h^in^ - 
both exce ent f ex.b,l.ty and good gas-barrier properties in a matrix phase of the component (A) soThat it has hv far 

of the component (A). In the polymer compos-tion (C-1), no particular limitation is imposed on the particle size of tte 
aspersed parbcles composed of the component (B). but the d.spersed particles within^he beWSeSSf range Ire 
generally preferred. As a sarrple, the polymer composition ,s molten and then subjected to compressio^oldmg to 
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form a sheet of 1 mm thickness. The sample is cooled, ruptured, etched, dried and then subjected to ion sputtering in 
a similar manner to the above operation used for the confirmation of the existence of a dispersed particle phase com- 
posed of the component (B). Based on the SEM observation, the semimajor axis of each of about 1000 vacancies 
formed by etching is measured. It is generally preferred that the mean value [Ls = (L(n • L))/(L(n)) wherein n repre- 
sents the number of vacancies of the semimajor axis L] of the simimajor axis falls within a range of from 0.01 to 100 urn. 
Incidentally, when the polymer composition (C-1 ) is in the form of a thin layer in the molded or formed product the max- 
imum length of the dispersed particles composed of the component (B) in the thickness direction of the thin layer should 
be set substantially smaller than the thickness of the layer. The half or less of the thickness of the layer is preferred, with 
the one-tenth or less being more preferred. 

No particular limitation is imposed on the weight ratio of the component (A) to the component (B) in the polymer 
composition (C-1) insofar as the components (A) and (B) form a matrix phase and a dispersed particle phase respec- 
tively. In order to attain excellent barrier properties against gases, organic liquids or the like and at the same time to 
attain proper flextoility. however, preferred weight ratio of the component (A) to the component (B) falls within a ranqe 
of from 99:1 to 25:75. * 

The polymer composition (C-2) has a matrix phase formed of the component (B) so that it effectively exhibits excel- 
lent flexibility and rubber elasticity which are the properties originally possessed by the component (B). The polymer 
composition (C-2) contains, in the matrix phase of the component (B) having good gas-barrier properties, the compo- 
nent (A) having h.gher gas-barrier properties as a dispersed particle phase so that it has by far improved gas-barrier 
properties compared with the single use of the component (B). In the polymer composition (C-2), no particular limitation 
is imposed on the particle size of the dispersed particles composed of the component (A), but the dispersed particles 
within the below-described range are generally preferred. The polymer composition is molten and then subjected to 
compression molding to form a sheet of 1 mm thickness, which is provided for use as a sample. The sample so obtained 
is cooled, ruptured, etched, dried and then subjected to ion sputtering in a similar manner to the above operation used 
for the confirmation of the existence of a dispersed particle phase composed of the component (A). Based on the SEM 
observation, the semimajor axis of each of about 1000 vacancies formed by etching is measured. It is generally pre- 
ferred that the mean value [Ls = (£(n • L))/(E(n)) wherein n represents the number of vacancies of the semimajor axis 
L] falls within a range of from 0.01 to 100 urn. Incidentally, when the polymer composition (C-2) is in the form of a thin 
layer in the molded or formed product, the maximum length of the dispersed particles composed of the component (A) 
in the thickness direction of the thin layer should be set substantially smaller than the thickness of the layer. The half or 
less of the thickness of the layer is preferred, with the one-tenth or less being more preferred. 

No particular limitation is imposed on the weight ratio of the component (A) to the component (B) in the polymer 
composition (C-2) insofar as the components (A) and (B) form a dispersed particle phase and a matrix phase, respec- 
tively. In order to attain excellent flexibility and rubber elasticity and at the same time to attain proper gas-barrier prop- 
erties, however, preferred weight ratio of the component (A) to the component (B) falls within a range of from 50:50 to 

In the polymer composition (C-3), a phase composed of the component (A) having markedly high barrier properties 
against gases, organic liquids or the like and a phase composed of the component (B) having good barrier properties 
against gases or the like have been distributed uniformly, forming a network structure so that the composition can 
exhibit excellent barrier properties. In addition, the polymer composition (C-3) has a structure in which a continuous 
phase composed of the component (B) having excellent flexibility has interpenetrated into the network of the phase 
composed of the component (A) so that it can exhibit excellent flexibility while maintaining good strength. 

In the polymer composition (C-3), for attaining excellent barrier properties against gases, organic liquids or the like 
and excellent flexibility at the same time, preferred weight ratio of the component (A) to the component (B) falls within 
a range of from 85:15 to 15:85. more preferably a range of from 80:20 to 20;80, particularly a range of from 65:35 to 
35:65. In the polymer composition (C-3). the component (A) contained in the polymer composition substantially corre- 
sponds to undissolved and undispersed portions remaining after immersion of the polymer composition in toluene, hav- 
ing 50 times the weight of the composition, at 20 e C for one hour as described above. The component (B) contained in 
the polymer composition, on the other hand, corresponds to undissolved and undispersed portions remaining after 
immersion of the polymer composition in a 82 (volume ratio) mixed solvent of isopropyl alcohol and water, said solvent 
having 50 times the weight of the composition, at 70^ for 72 hours. It is therefore possible to know the approximate 
weight ratio of the component (A) to the component (B) based on the weights of the undissolved and undispersed por- 
tions obtained by the above two immersion treatments, respectively No particular limitation is imposed on the shape of 
the sample provided for the above immersion treatment using toluene or a mixed solvent of isopropyl alcohol and water. 
It is however possible to use a strip having a predetermined weight (e.g. 1 .00 g) obtained by compression molding the 
polymer composition into a sheet of 1 mm thick under heating and then cutting the resulting sheet. In the immersion 
treatment, a predetermined solvent is used in an amount 50 times the weight of the sample (for example, 50.0 g when 
the weight of the sample is 1 .00 g). The immersion treatment is effected by placing the sample so that the whole portion 
of the sample is covered with the solvent and then allowing to stand it at a predetermined temperature for a predeter- 
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mined time (at 20°C for one hour or at 70°C for 72 hours). After a predetermined time, the remaining portion of the sam- 
ple is taken out gently. During the immersion treatment, a portion of the sample is sometimes extracted or dispersed in 
the solvent. The rema.ntng portion to be taken out is not a portion which has been extracted or d ; spersed but a portion 
remaining as substantially a mass after immersion treatment (i.e. a portion remaining as undissolved or undispensed) 
; After the remain.ng portion is taken out. the solvent is evaporated therefrom, followed by the measurement of the 
weight. The proportion of the weight so measured to the initial weight of the sample is an approximate value of the ratio 
( T J^ 6 ' 9 0 th€ component < A > or < B > in the P°'y mer composition (C-3). In accordance with the proportion so 
obtained, the weight ratio of the component (A) to the component (B) can be found. 

The polymer composition (C) of the present invention is composed mainly of the component (A) and the component 

° EJ£ f'^ l° an ° th f P ° (y ^ er ° r an additive as needed within an not substantially impairing the 
effects of the present invention. Examples of another polymer which can be added to the polymer composrtion (C) 
include rubbers such as EPR (ethylene-propylene base rubber). EPDM (ethylene-propylene-diene base rubber) NR 
(natural rubber), .soprene rubber, butadiene rubber and MR (butyl rubber); and resins such as polyethylene polypropyl- 
ene, polybutene, polyisobutylene. polyamide and polyester. Examples of the additive usable in the presentation 
s include mineral o.ls or softening agents for the improvement of the fluidity at the molding or forming time; inorganic pow- 
dery fillers; f.brous fillers such as glass fiber and metal fiber; heat stabilizers; antioxidants; light stabilizers tackifiers 
antistatic agents; and blowing agents. The above-exemplified polymer or additive may be contained in any one of the 
phase composed of the component (A), the phase composed of the component (B) and another phase When the 
phase composed of the component (A) contains an acid or partial salt of a polybasic acid such as phosphoric acid 
■ pyrophosphonc acid, phosphorous acid, oxalic acid, succinic acid, adipic acid, tartaric acid, citric acid, sodium dihvdro- 
gen phosphate, potassium dihydrogen phosphate or acetic acid, gelation of EVOH at the melting and kneading time for 
the preparation of the polymer composition or at the time of melt forming the polymer composition is sometimes sup- 
pressed, whereby the deterioration of color tone can be prevented. 

No Particular limitation is imposed on the preparation process of the polymer composition (C) of the present inven- 
tion, but it can be prepared, for example, by kneading predetermined amounts of the components (A) and (B) optionally 
with a small proportion of another polymer and/or an additive under the melting conditions and under a sufficient shear 
force. Upon preparation, it is desired to select in advance the melt viscosity and using ratio of each component expert- 
mentally in order that the components (A) and (B) can form predetermined phase structures, respectively. Kneading 
under the melting cond.tions can be carried out using a known mixing or kneading apparatus such as kneader extruder 
mixing ro or Banbury m,xer. It is preferred that the temperature upon kneading may be adjusted as needed according 
to the melting pomt of the component (A) to be employed but the temperature falling within a range of from 1 10 to 30CTC 
is generally preferred. 

* ^Jf^' 6, the P °' ymer com P° sition ( C " 3 > tends ,0 be P^ared when <,A, +B. nA and nB satisfy the below- 
desaibed formulas (f1). (f2) and (f3). supposing that *A (wt.%) and *B (wt .%) represent desired contents of the com- 
ponents (A) and (B) provided for melting and kneading, respectively; and nA (poise) and nB (poise) represent their melt 
v.scosit.es. respectively under the conditions of a temperature of 230°C and a shear rate of 100 sec" 1 



15 <L <(.A £85 



15 <. <|>B <; 85 



1.0 S (♦B/4.A) x (nA/qB) £ 8.0 



(f2) 



(«) 



, ^ ♦ L\ " neCessar "y ,imiled to - ,nat ,he «>^nt *A of the component (A) is selected from a range of 
1 5 to 85 wt.%, more preferably from a range of 20 to 80 wt.%. particularly from a range of 35 to 65 wt.% in consideration 
of the ava.lab.lrty of the polymer composition (C-3). Similarly, it is preferred that the content 4>B of the component (B) is 
selected from a range of from 15 to 85 wt.%. more preferably 20 to 80 wt.%. particularly from a range of 35 to 65 wt % 
t ,s preferred, but not necessarily limrted to. that the sum of the content «A of the component (A) and the content *B of 
the component (B) falls within a range of from 70 to 100 wt.%. more preferably 80 to 100 wt.% part.cularly 95 to 100 



wt% 



The polymer composition (C) of the present invention can be used as a molding or forming materal after desirably 
formed into pellets, powders or the like Because of having thermoplasticity. the polymer composition of the present 
invention can be molded or formed by the method or apparatus ord.narily used for the mold.ng or forming of a general 
thermoplastic polymer. Examples of the molding or form.ng method include injection molding, extrusion compression 
molding, blow mold.ng. calendering and vacuum molding and any one of them can be employed as need'ed Molded or 
formed products produced by the above method from the polymer composition of the present invention embrace those 
in various shapes such as molded products, pipes, sheets, films, discs, rings, bag-shaped products bottle-shaped 
products, stnng-shaped products and fibrous products. They also embrace molded or formed products having a lami- 
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s essarytoselectasanothermateriaTap^ 

Examples of another material include th^^ S fc^?« ? P ! 6XpeCted a PP ,icatio "S or the like, 
ene medium-density Polye%.enOo^^ 

copolymer and propylene, ionomers. ethylene- IZ^ Ko^Z ^ Tl Xylene-propylene 

another matenal. By interpoang ££Z££^Z^ S 2TT "? " ^ COmpOS6d 0f 

Examples of the adhesive used for the ad^^SSS^S^J^^ * *"* m&1 3nd integra,ed ' 
mer; a CK f anhydride modified products of a polyoeUnaT^uesl^^ m f ,,ed . P roducte °' a diene base poly- 
» ter polyo , available by polycondensatjon of J P ^uch as ^ !" " ^T" <** 3 ^ 

acid such as ad.pic acid, partially saponif,ec IpZZ oTa ^^^i S ^ ylene9,ycdor P ro Py ,en e9lycol and a dibasic 
polyisocyanate compounder Jan^ a ^ (mola^ rato> 2^ £ ^ V ' ny ' 3C6tate 3nd vinyl chloride > an <* a 
ethylene glyccx and a di.socyanate^mpou^ sT a 2 4 toMeTrt' * ° f 3 ^ COmP ° Und SU< * aS 1 ■*"««'"- 
of a triol compound such as trimethX^^ w ^ *'**yanate; or a 1 ;3 (molar ratio) reaction product 
* dental* forthe formats o? ^lamta^Tu^ 35 cfiisocyanatej. <n«- 

coating or the like can also be employed ^ SUCh 35 c °- e * r ^on, co-injection, extrusion 

~ tz*?T 9 ;z:x zi^n: co r at,on (C) of ,he present j — - ^ ^ 

necessities, packaging materials " !* " * ^ 

^5 apphcation of the molded or formed product comDo^^thT^, ^ 6 SUCh P r °P erties Examples of the 

applicatbn effectively exhibits cha^cteScsSTon^ £ COmpOS ' tion < C > of the P™«* invention which 

ordnnk.con,a,n.pac*ngar^ 

30 so that it is particularly suited for the a^S^?!^ ^ 8BainSt 93565 w or 9 anic 

for bag in box. container packing ^^i^SSn^^^?"? ma,er ' al ^ ° r drink - COn,ainer ' intenWbag 
organ, l^hot-wa^ 

or formed product used for the above-exemplified Sca^fth^ ^ 9> res,rvmade wa " P a P*- In a molded 
preferably the polymer composition (C-To7fSS ^To °. a "t ? COmposition < C > * "» present invention, 
froma s.ngie-p.y slmcture co^^ 5UCh 3 Structure can °* elected 

composed of the pdymer conposrton arS^e^S^o,^^ h Wh,Ch3t ,east °" e ,a * er 

another. When used for the packaging materials nZ^u^ " ™ teual have been stacked after 

ormed.ca.conta.nerfor.nfus.oTfMd^ 

an oxygen gas in the air and permeation ofSe co^nt^n h the Permeation of 

term shelf stabilrty of contents Whence mSSe? rnmS T C ° ntemS ' bringins about exce,,en » tong- 

organic Lquids. Jorgan.c ..quid such as a£S hyToS cT * ^ S,Wage ^ " ^ ^ 

hermetically. The composition has thus a functn S Ta S ta^T^ | W ^^^^ bepaCked 
makes it possible to reduce the weioht of the tank nV^vl . 6,a ' P ' pe - More over. the composition 

ease in mCd.ng or form.ng. it can ZZ^tZ ^ "* ^ " PlP6 ^ l ° 

s.t,on makes rt possible to prevent the deterioration hot-water ppe for heatmg. the polymer compo- 

of stress cracks -n ,n tongVm s ^^^^^ 

wall paper, the layer composed of the polymer co^Lnn * 9 Prevented. When used for the resin-made 

composed of a f.ex.bte^n It as SSSrlnlTT T^" ' amma,ed W,,h 3 b3Se ^ 
the flex,ble resin ,o the surface of Z ^S^^L^^ " P ° SSlb ' e l ° PrWent b,eedin 9 °' ^ast.cizer in 
The mokfed or formed the prevenfon of the generation of stains on the surface, 

present -n*o n , s part.^ 

t.ons such as packaging material for food or drink J™. . e ' aSt ' Crty 50 ,hat rt ,s especially suited for the applica- 

'ocKfentaHy; scra^of «h ^Tfol^ T P r2TZ^ for ^ " uid »^be. 

can be provided for reuse after being molten aS ^^V'lT^^ (C) of ,he inv ^tion 
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, k „ ■ . ., .. , , ~' ~ ^•j'w^yieuK wjiicn is an intermediate for the 

synthesis of the block copolymer, and a content of styrene units in the block copolymer was determined from H-NMR 
Me It viscosities of EVOHs and block copolymers under the conditions of a temperature of 23oi andTh^Tate o^OO 
Ltd) ^ meaSUre<j US ' n9 3 CaPi " ary ViSC ° met6r <" Ca *"W* 1 C". trade name; product of Toyo sSS^ 
EVOHs used in Examples will hereinafter be expressed by the following abbreviations. 

™2 S h 9 Saponi, ' ed producl of an ethylene-vinyl acetate copolymer which has an ethylene unit content of 32 
- P 7ratS^^^ 

SSI 0 ^; SaP ° nrf f Prod ? ° f aP ethylene -™y' ace,ate C °P°*™ «Wch has an ethylene unit content of 44 
pTrat^^^^^ 

EVOH(U): "EVAL EP-H101". trade name; product of Kuraray Co Ltd 
5 EVOH(V): "EVAL EP-H105", trade name; product of Kuraray Co..' Ltd. 

Synthesis Example 1 

, of 1 rtn^T Wi , ,h 3 Stirrer ^ reactor ha ™9 been purged with nitrogen, was charged with a mixed solvent 

> of ,060 parts by we.ght of methylene ch.oride and 920 parts by weight of methytcyclohexane and a polymenStion inN 
tmor system composed of 2. 7 parts by weight of titanium tetrachlortfe and 0.91 part by weight of i . "bis" ZtTJ- 1 
methylethyHbenzene. followed by the charging of 150 parts by weight of isobutylene under cooling at -65'C TnTreL - 
,ng mixture was polymerized .or 4 hours a, the same temperature. To the polymer so prepared, S.OSpLt I b> we Z of 

nf JrhT? 6 K aV6ra9e m0leCLJ ' ar W6i9ht ° f ,he reSUl, ' n9 trib,OCk Wlymer (i) , the number-average molecular weight 
Synthesis Examples 2 and 3 

, e nJ n iltt?r ?fJ ^ ''J! 1 8 Simi ' ar manner 10 Syn,h€SiS Exam P ,e 1 ««! the charging ratios of sty- 

rene isobutylene and l^-bisd-methoxyl-methylethyDbenzene were changed, styrene-isobutylene styrene triblock 

S if °" . ™T 96 m ° ,eCU,ar We ' ght ° f 6aCh st y rene con,ent and melt viscosity under the con 
drtions of a temperature of 230°C and a shear rate of 100 sec" 1 are shown below in Table 1. 



Example 


Triblock copol- 
ymer 


Number-aver- 
age molecular 
weight of 
copolymer 


Number-aver- 
age molecular 
weight of poly- 
styrene block 


Number-aver- 
age molecular 

weight of 
polyisobuty- 

lene block 


Styrene con- 
tent (Wt.%) 


Melt viscosity 
r)B (poise) 


1 


(0 


25,000 


2.500 


20,000 


20 


130 


2 


('•) 


37.000 


5.500 


26.000 


30 


770 


3 


(iii) 


65.000 


8.000 


49,000 


25 


1500 



Examples 1-5 [Preparation of polymer composition (C-1)] 



shown below in Table 2. By a small-sized twin-screw extruder, the result! 



... . , _ >- ■■iou.iing mixture was kneaded in a molten statf> at 

of peLs ' reSUll ' n9 eXfrUda,e W3S Wh6reby 3 P ° ,y ™ composifo " ™ PreparSfn the tm 

The pellets so obtained were compression molded under heating by a compression molding machine, whereby test 
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sheets having a thickness of 1 mm and 100 \im were formed. Hardness (JIS D) and oxygen permeability of these test 
sheets were measured. The measurement of the hardness was carried out in accordance with JIS K7215. The oxygen 
permeability was measured using a gas permeability measuring equipment ("GTR-10", trade name; product of Yanag- 
imoto Mfg Co.. Ltd.) under the conditions of an oxygen pressure of 3.5 kg/cm 2 , temperature of 35°C and humidity of 
0% RH 

In accordance with the above-described procedure, the pellets were compression molded into a sheet of 1 mm 
thick under heating by a compression molding machine. The sheet was cooled with liquid nitrogen and then ruptured. 
After the ruptured cross-section was etched with toluene for one minute, dried and then subjected to ion sputtering, it 
was observed under a scanning electron microscope ("S-2150". trade name; product of Hitachi, Ltd.). As a result, it was 
confirmed that the tnblock copolymer was dispersed in the particulate form in the matrix of EVOH. In addition, a semi- 
major axis of each of about 1000 vacancies formed by the dissolution and removal of the triblock copolymer through 
etching was measured and based on the measured value, the mean value of semimajor axis [Ls = (i:(n • L))/(r(n)) 
wherein n represents the number of vacancies of the semimajor axis L] was determined. 

Measurement resufts so obtained are shown in Table 2. 

Compilative Examples 1-3 

In each of Comparative Examples 1-3, in a similar manner to Example 1 except that a sheet formed of polyamide 
CUBE NYLON 1013B". trade name; product of Ube Industries, Ltd.) alone, a polymer composition composed of EVOH 
(U) and an coprene-styrene base block copolymer (SEPS) ("SEPTON 2002". trade name; product of Kuraray Co.. Ltd.) 
or EVOH (V) alone was used instead of the sheet made of the polymer composition, hardness and oxygen permeability 
were measured 

The measurement results are shown in Table 2. 



Table 2 





Components of composition (wt.%) 


Values measurei 


d 




Block copolymer 


EVOH 


Polyamide 


SEPS 


Hardness 


Oxygen 
permeabil- 


average of 
semi- 




















ity 


major axis 




(i) 


(•i) 


(iii) 


(U) 


(V) 


1013B 


2002 


JISD 
nm/m 2 'day 


(cc-20 
•atm) 


(pm) 


Ex. 1 


10 


0 


0 


90 


0 


0 


0 


79 


0.6 


0.5 


Ex 2 


0 


30 


0 


70 


0 


0 


0 


74 


1 


1 


Ex 3 


0 


30 


0 


0 


70 


0 


0 


71 


5 


2 


Ex 4 


0 


50 


0 


0 


50 


0 


0 


57 


9 


2.5 


Ex 5 


0 


0 


65 


0 


35 


0 


0 


52 


26 


10 


Comp Ex 1 


0 


0 


0 


0 


0 


100 


0 


84 


250 




Comp Ex 2 


0 


0 


0 


50 


0 


0 


50 


62 


3200 




Comp Ex 3 


0 


0 


0 


0 


100 


0 


0 


88 


3 





From the above Table 2. it has been found that the polymer composition (C-1 ) of the present invention in each of 
Examples 1-5 has excellent gas-barrier properties as can be seen from an oxygen permeability less than 30 cc-20 
jim/m 2 - day • atm and at the same time, has good flexibility as can be seen from JIS D hardness of 50 to 80 On the 
other hand, it has been found that the polyamide in Comparative Example 1 has insufficient flexibility judging from the 
JIS D hardness of it as high as 84 In the case of the polymer composition between EVOH and isoprene-styrene base 
block copolymer in Comparative Example 2, it has been found that the gas-barrier properties of it were insufficient judg- 
ing from the oxygen permeability as high as 3200 cc • 20 jim/m 2 • day • atm In the case of the sheet composed of EVOH 
alone in Comparative Example 3. it has been found that the flexibility of it was insufficient judging from the JIS D hard- 
ness as high as 88. 



EP0 814 126 A1 

Examples 6-10 [preparation of polymer composition (C-2)] 



^into^^^ 

6301. Another test sheet of 1 mm thick, whicT ^^J^^^^^ in f^^nce with J,S K 
o (distance between marked lines: L.) for the mea^rOTPrt . ~ ' ^ marked with marked ,ines 

aturefor about ISseconds unt,l ar Telongat- Z^^TS!^^^ "** *«" * ^ ^ 
based on JIS K6301 [the half value L os .(mi^ ^f^ 

until the distance between marked .ines became u ! U Arte the ^ 65 * break) " Lo) 1 in ° ther words ' 

1 0 minutes, it was contracted by the remoS o" the ^ IT? * 31 ^ tem P era ^ «* 

minutes. The distance between JJeS im« ^ ,E) was thtn s ^ ? tne same temperature for , Q 

{PS(%) = [(E-L o )/L 05 ]x100}wasde,erm^ed ^ meaSUred " fr0m Which Ration set 

Using a gas permeab^y measuring ^^^^^^ '^-surement * the oxygen permeability, 
gen permeability was measured unde? the condiS^ of Pr0dUCt ° f Yana 9 ,m , ot ° ^ °°- Ltd >' ,he °*r 

humidity of 0% RH. t ' 0nS ° f an ° Xy9en P ressure of 3 5 k &™ 2 - temperature of 35°C and 

* a compression molding 

The ruptured cross-section was etched for 24 hcT ^ with ^ B 2 ,IZZ ll^ Jl^f lhen mptured - 

water at 70'C. dried and then subjected to ion s^g The r^Z I rT ^ "*™* °' **** 3nd 

SEM (scanning electron microscooe) wherehv TJZ L ^ruptured cross-sect.on was thereafter observed under 
in.ema*ixo?thet ri b,oc^^^^^ 

etching was measured and based on the measured vZT^Z Z ? . * °°° vacanaes ,orme d trough 
whereinnrepresents the number of vacant 

Measurement results so obtained are shown in Table 3. determ.ned. 



Comparative Examples 4-9 



block copolymer (SEPS) ("SEPTON 2002" trade name of 0 K mp ° S,t, ° n Composed of an isoprene-styrene base 

the sheet made ot the polymer compoSfon ^^£S^7^ ¥ ' ^ EV ° H W3S US6d « ns,ead of 
The measurement results are^own^'S 3 ' ** ^ ^ permeabi "* measured. 
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Components o 


composition (wt.%) 


Values measured 








>olymer 




EVOH 


PET 


Poly- 
ami- 
de 


NR 


SEPS 


Hard- 
ness 


Elon- 
gation 
set 


Oxygen 
permea 
bility 


Ls: 
Average 
of semi- 
axis of 




(i) 


(ii) 


m 


(U) 


(V) 


103 


10138 


RSS 


2002 


JIS 
A 


<%) 


(cc- 20 
um/m 2 - 
dayatm) 


(pm) 


Ex.6 


60 


0 


0 


40 


0 


0 


0 


0 


0 


62 


16.5 


1200 


6 


Ex.7 


55 


0 


0 


45 


0 


0 


0 


0 


0 


68 


18.8 


1100 


5 


Ex.8 


0 


0 


80 


20 


0 


0 


0 


0 


0 


55 


13.6 


1800 


2 


Ex. 9 


55 


0 


0 


0 


45 


0 


0 


0 


0 


79 


18.5 


1200 


6 


Ex. 10 


0 


60 


0 


40 


0 


0 


0 


0 






15.2 


1400 


4 . 


Comp. 
Ex.4 


100 


0 


0 


0 


0 


0 


0 


0 


-H 

0 


38 


10.1 


5800 




Comp. 
Ex.5 


0 


0 


0 


0 


100 


0 


0 


0 


0 


100 


85{N) 


3 




Comp. 
Ex.6 


0 


0 


0 


0 


0 


100 


0 


0 


0 


100 


88(N) 


45 




Comp. 
Ex.7 


0 


0 


0 


0 


0 


0 


100 


0 


0 


100 


84(N) 


80 




Comp. 
Ex.8 


0 


0 


0 


0 


0 


0 


0 


100 


0 


65 


1.0 


75000 




Comp. 
Ex.9 


0 


0 


0 


40 


0 


0 


0 


0 


GO 


75 


20.2 J 


6200 





In the above Table. (N) in the column of elongation set mdcates that necking appeared at the tame of elongate 
and the neck remained almost as it was even after the external force was removed. 

As can be understood from TaWe 3. the polymer composition (C-2) of the present invention in each of Examples 6 
to 10 .nd.cated JIS A hardness of 55 to 80. thus having excellent flexibility; elongation set of about 10 to 20% thus hav- 
ing excellent rubber elast.crty: and an oxygen permeability less than 2000 cc • 20 fmVm 2 - day • atm thus having good 
gas-barr.er propert.es. In the case of the isobutylene-styrene base block copolymer alone in Comparative Example 4 
l J?,^ e n Comparative Exam P' e 8 and the P 0 ^* composition of the isoprene-styrene base block copolymer- 
and EVOH ,n Comparatove Example 9. on the other hand, it has been found that their gas-barrier properties are inferior 
to those of the polymer compositions in Examples 6 to 10 judging from the oxygen permeability not lower than 5000 
cc • 20 pm/m • day • atm. It has also been found that any one of the sheets composed of EVOH alone in Comparative 
Example 5. the PET alone in Comparative Example 6 and the polyamide alone in Comparative Example 7 indicated JIS 
A hardness of 1 00, thus having insufficient flexibility; and also has insufficient rubber elasticity judging from the elonga- 
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tion set not lower than 80% and appearance of unrecoverable necking. 
Examples 11-15 {Preparation of polymer composition (C-3)] 



In each of Examples 1 1 to 15, at a ratio as shown below in Table 4 EVOH rf<?i nr mi „^ . -w, , 
or (iii)] were mixed. In a small-sired twin-screw extruder thJ fri^m™ J? J ^ 8nd 3 tnbl ° Ck ^P 0 '*™ If). 
200'C and men extruded. The exlrudate » o^ed^af 2t J£S?2? ^ ^ " 3 m0,ten S,ate at 

form of pellets. S CUt Whereby the po| y mer composition was prepared in the 

und.spersed was found. vJJSe another ^^J^^-^ ^ remained ""dissolved and 

and water. sad so.ven, havi™ 5 ^t^es the wlht ,T "l* <V °' Ume rati0) ^ S °' vent of iso J*W «tohol 
rema,ned und^ved a^^I^wl fouS * ^ ?2 ^ pr0p ° rtion ° f the P° rti - 

The measurement results so obtained are shown in Table 4. 

Comparative Examples 10-13 

EVOH(S) and an .soprene-styrene base block ^^^^^^S^T COmpos *°» com P^ed of ■ 
Co.. Ltd.). EVOH(S) alone or block copolymer (ii) alone was uZi i„LTr> 1 2 . ' nam6; Pr0dUCt ° f Kuraray 
hardness and oxygen permeability were measured ar^^^^ 

determined measured and also the remainmg proportion after immersion treatment was 

The measurement results are shown in Table 4. 



14 



EP 0 814 126 A1 



easured 


Oxygen 
permeability 


8.| « 




§ 




o 


s 


a 


3200 


2 


5700 


E 


Hard- 
ness 


GSIf 






s 


* 








„. 




in solvent 


ratio after 
it (wt.%) 


tsopropyl 
alcohol/ 
water 




3 


s 


s 


§ 










Immersion 


:!! 

cc 


Toluene 




a 


a 














Calculated 


% 1 % 
















SEPS 


2002 














,-a 








Poly- 
amide , 


1013B; 




- o 






o 


s 








(wt.%) 


58. 








- 


S 


s 










composition 


copolymer |( 


o 




a 














S 


I 


8 

CO 


CD 






a 














<_> 


I 








° 
















H0A3 






5? 


a 








a 






















Comp Ex. 10 


Comp Ex. 11 


Comp Ex.12 


Comp Ex. 13 



From Table 4, it has been found that the composition (C-3) of the present invention in each of Examples 11 
has good gas-bamer properties judging from the oxygen permeability of about 100 to about 1000 c 
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each independently forms a continuous phase ES£ her rer£ nit ? com P on « s <*> and (B) 

(EVOH) alone in Comparative Example 12 has insufJcTentSliit T *? ^ Sheet made ° f the com P™ent (A) 
that the sheet ™ d e of the componem^^ 

can be seen from the oxygen permeability as high as^^J^ «zy 2 Pr ° Per,ieS 35 



Example 16 



under a nitrogen gas stream whe^a L f ° r 3 P °' ymer ^"Position: 230°C) 

density P o< y ethy,S e .ayer, adhes^^^ 

layer, when viewed from one side of the f Dm Zeto£2 5 c earh .f th. h ^ ^ hi ^ ensi * Polyethylene 
60 „m. that of each of the adhesive layers 7 ma TJr Zl Zr^ < , I f Njh-densrty polyethylene layers was about 
of Mfcui Petrochemical Industries ^7^^^^^^^ T' " ADMER - NF 50 °" "*e name; product 

The film so obtained was provLeV^ 
exceeded 3000. the 1^n m uJ^^ ) ^^ ^ 3 dMeX t6S,er ' ™™ the bending frequency 



25 Comparative Example 14 



60 m) . a, adhesive layer (thickness- about WnT^OnTJ^^ V**" 1 *™ *>« * id-ess: about 
improved flex resistance. comparative Example 1 4. .t has been found that the former has largely 



Example 17 



density polygene tayer (thickness aS^Tin a^ZS e L 3 'b nC, ; 5 ;S ,ye '' a " lm <* * 

rrs^prrr^ 

without cracks, spots aru ununilcrm section SM e *' e " V " 9°M transparency 

60CC-20 Hrf.^.r ■ aTC: P,0dUC1 <* Ya "=9'™<° »«g. Co.. Ltd.). As a resulf rl S 



Example 18 



P^yXre^besfv^ 

density polyethytene layer „h,ckness: abo^S „mTan ZZtZ^u'f' ' ^T^"* fi "" ^rmed of a b,gh 
layer ~ -u, ,o„rn, anadbes. iaye^^ 
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ness: about 60 |im) was produced. 



Example 19 



Example 20 



The Mm bag was filled with an infusion fluid. The opening of the bag was heat-sealed by a heat sealer wherebv th* 
bag was hermet.ca.ly dosed. The infusion fluid was thereafter stored at 10'C for three nS^^^^ 
no change ,n a resuft of gas chromatography, color tone, smell or the like of the contents recognized 

am^~~ 



Example 21 



tn , ?S Polymer composition similar to that obtained in Example 2. pellets were prepared Those pellets were fed 
to a multilayer direct blow molding equipment for 3-kind-5-la y er co-exlrusion (preset temp eraiure of the eM tof a 
^.ymer compos,. t on: 230°Q. whereby a muttilayered blow mo.d,ng (a product having aT.n ernal 2e S " 5 

40 Z ,nZ^ g T ° 3 Cy,indr,Ca, *** 3 Cy,,n<lriCa, head installed continuously to one end of * Zl arS fbo, 
mlT^^ T" ,0 ° ,her °' ,he b0dy) COmpr,S ' ng 5 la ' ers * 3 was manufactuS £e «™ 
E£ ,n hh y C ° mpfiSin9 3 h, 9 h " densit y Polyethylene layer, an adhesive layer, a polymer a,rnposS 

layer, an adhesive layer and a high^ensity polyethylene layer, when viewed from the oute surface side %Z bSv 
Sec ^l5L hiflhK,en5i,y >*y«* ™ * '"'Ckness of about 850 M m. eac 7< he ^adhes^ e Cs 

.5 £2^2? m °^ ,, ^ p0,ye ^ ,ene ' -ADMER-NF 500". trade name, product of Mit«! Petrochemica SusTnes Ltd ) 
l^Tr , ^ ^ me COm P° srtlon la ' er had a thickness of about 100 M m. Th7b>cT^ n g 

had Joed external appearance and transparency without cracks, spots and unun.form section 9 

,n a 2? J JT° k" 9 30 W3S f ^ W,th 1 ° " ,er °' 9asol,ne and was d ° s ed tightly, it was allowed to stand 

< 0 ^ ! T° 09 W3S and 9aS0 ' ine was removed ,here,rom - «ate of the blow! rrok^nTwas 

» ^served but no abnormal lties such as cracks or quality change were recognized. Moreover, the ^^^7 of 
the gasol.ne was studied but no weight loss during storage was substantially recognized 

™TT ^T? eSCrbed r6SUttS ' rt 03,1 be under ^ood that the blow molding having a layer of the above oolvmer 
composrt.on ,s useful as a container, storage tank or transfer pipe, each for organic liquids. - 



is Example 22 



w Jrn !!' y H^ 0mP ° Sitl0n J ^ imi,ar t0 th3t ° bta,ned in Examp,e 2 ' 3 hi 9h-density polyethylene and an adhesive resin 
were co-extruded from a r.ng d,e and formed ,nto a pipe, whereby a 3-kind-S-layered pipe (diameter: about 5 cm) col 



BNSDOCID <EP 0814126AT I > 



17 



EP0 814 126 A1 



prising a high-density polyethylene layer (thickness: about 3 mm), an adhesive layer (thickness- about 0 * mn* - . 



Example 23 



the so,* conten fol.S by at i l7*C foTo^e minT B T? 7° " COatin9 ^ ° f 2 ^ baSed °" 



Example 24 



Example 25 

Using the polymer composition similar to that obtained in E*amr>io 7 r^n^ 
fed to a twin-screw extruder equipped with a T««e at 230'C L» r3 P ^ produced 171056 P* 11 ** were 

olufon speed of 200 rpm whtJebTfshYet of 300 ^ !? 9 ^ 935 Stream a " d 6Xtruded at a ^ rev ' 

g^s-made bottle filled w»h ora^e JU Tce wa s cZeZZTZ^IT * "T " ^ int0 3 diSC A 

for container), and the bottle ^i^^^^,^^ ^ diSC 35 3 P3CkinQ {pa ^ 

metically packed in the class t^^S^T^tl^^ZS lecrT^" ** h ^ 
co,or tone and smel. of the contents were confirmed. As aTesull no changTwas Z Z" ^ ^ "* *" 
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Example 26 

In a similar manner to Example 24, a bag made of a polymer composition similar to that obtained in Example 7 was 
prepared. The bag so obtained was filled with an infusion fluid. The opening of the bag was heat-sealed by a heat 
5 sealer, whereby the bag was hermetically closed. The infusion fluid was thereafter stored at 10°C for three months. 
There was recognized no change in a result of gas chromatography, color tone, smell or the like of the contents. 

From the above-described results, it has been found that the above polymer composition is useful as a material for 
a medical container for infusion fluid. 

10 Example 27 

Pellets were produced using the polymer composition similar to that obtained in Example 10. Those pellets were 
fed to a twin-screw extruder set at 230°C under a nitrogen stream and were extruded at a screw revolution speed of 200 
rpm from a ring die into a tube shape, whereby a tube of 450 \im thick was produced. The tube so obtained was cut into 
is a predetermined length. Either end of the tube was heat-sealed, whereby a tire tube was produced. 

The tube was filled with air and was left alone at room temperature. Even after 6 months, air pressure was almost 
maintained. 

Example 28 

20 

Using the polymer composition similar to that obtained in Example 10, pellets were prepared. Those pellets were 
fed to a twin-screw extruder equipped with a T-die at 230°C under a nitrogen stream and were extruded at a screw rev- 
olution speed of 200 rpm, whereby a sheet of 1 mm thick was produced. Concerning the sheet so obtained, the tem- 
perature dependence (measured at -3°C and 20°C) of the values tan 6 and E' at a distortion factor of 1% and 1 1Hz 
25 was evaluated using a dynamic viscoelasticity measuring apparatus ("DVE RHEOSPECTOLER DVE-V4". trade name: 
product of RHEOLOGY CO. LTD.). In addition, the heat resistance was evaluated based on the retention rate of tensile 
strength (in accordance with JIS K 6301) of a JIS No. 3 dumbbell, which had been cut out from the sheet, after being 
left alone in a hot-air oven of 120°C for 24 hours. The results are shown in below Table 5. 

30 Comparative Example 15 

In a similar manner to Example 28 except a sheet made of a butyl rubber was used instead, the temperature 
dependence of the values tan & and E' and also heat resistance were evaluated. The results are shown below in Table 
5. 

35 



Table 5 





Tan 6 


Ex 10- fa 


Heat resistance [tensile 
strength retention (%)] 




-3°C 


20"C 


-3'C 


20 °C 




Ex. 28 


0.035 


0.027 


6.62 


6.31 


93 


Comp. Ex. 15 


0.299 


0.156 


17.2 


13.1 


60 



45 

From Example 27, it has been found that the lire tube made of the polymer composition (C-2) embraced by the 
present invention has excellent long-term retention properties of air pressure. In addition, from Table 5. it has been 
found that the sheet made of the polymer composition (C-2) of Example 28 is superior in rolling friction at low temper- 
ature and at normal temperature and also in heat resistance to the sheet of Comparative Example 1 5 made of butyl rub- 
50 ber commonly used as a tire tube for bicycles (incidentally, rolling friction is generally said to be better when values of 
tan 6 and E' are lower in the measurement of a dynamic viscoelastiaty) From the above-described results, it can be 
understood that the polymer composition (C-2) embraced by the present invention is useful as a material for a tire tube 
for bicycles. 

55 Example 29 

Pellets were prepared by using the polymer composition similar to that obtained in Example 12. Those pellets were 
fed to extruder fa 3-kind-5-layer co-extrusion (preset temperature of the extruder for polymer composition: 230°C) 
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under a nitrogen gas stream, whereby a 3-kind-5-layered film was produced. The film was stacked in the order of a high- 
density polyethylene layer, adhesive layer, polymer composition layer, adhesive layer and high^iensity polyethylene 

about 60 urn, tha of each of the adhes.ve layers (maleic acid modified polyethylene; "ADMER-NF 500", product of Mit- 
su. Petrochemical lndustr.es, Ltd.) was about 1 0 urn, and that of the polymer composition layer was about 10 M m 

ov^tl'S;^^ 31 ?? Wa ! pr ° Vided f ° r 3 bendin9 test usin9 a 9 elb °- ,lex tester - ^en the bending frequency 
exceeded 600, the first through-hole (pinhole) appeared. w^uenuy 

Comparative Example 16 

In a similar manner to Example 29 except for the use of E VOH (S) alone instead of the polymer composition co- 

ITuT™*? ^ ^T V 3 3 " kind - 5 - |a y ered ,ilm °f a high^ensrty polyethylene layer (thickness: about 

nLs Iho^t in S ? T J fj^ ^ 10 Mm) " an EV ° H ' ayer (thiCkneSS: ab0ut 10 ^ an adn <^e 'a/er (thick- 
ness, about 10 M m) and a high<Jens.ty polyethylene layer (thickness: about 60 urn) was produced 

As .n Example 29 except that the film so obtained was used instead, a bending test was carried out When the 
bend.ng frequency exceeded 50, the first through-hole (pinhole) appeared. 

From the comparison between the film having a layer of the polymer composition of Example 29 according the 
present invention and the film having an EVOH .ayer of Comparative Example ^ 6, it has been found that the forme? has 
largely improved flex resistance. <-"mw < ia * 



nolvithtZ ^ 1 ^ Example 29. the polymer composition similar to that obtained in Example 12. a high-densHy 
£ T k 6 W6re aMM - wherebv a 3-kind-5-layered film comprising a high-density poly ■ 
2^Tn ,1 ° Ut 6 ,° ^ ' ^ adh6SiVe ,3yer (thiCkneSS: **»* 1 0 " m >- a Polymer-composSon layer (S- 
^ adhes,ve ^ ( ,hickness " *«* 1 0 Mm) and a high-density polyethylene layer (thickness: about 

.t-r^f C ? tai H ed bi3 f ia " y StretChed US ' ng 3 tenter type biaxial stretcher under the conditions of a temper- 

w tho^ cL ^ a lt Z f 3 X 3 ,l,m S ° S<retChed h3d 90<X) external a P° earance and *** transparency 
without cracks, spots and ununrform section. r 

n^ Aft K,!; Um,dity adjUS,ed 10 10 ° % RH at 2 °° C - the oxy9en P^meability of the film was measured using a gas 

Z i Z™£Zy^ ratUS ( " name; Pr0dUCt ° f Yana9im0, ° M<9 ' C °' Ud ) AS a resu " * - as 

erties^^ 



™. T anne I t0 mP,e 291 the POlymer com P° s,tlon ^milar to that obtained in Example 12. a h,gh<Jensity 

^H^THS 30 , r r6S,n W6re SUb,eCted t0 co - e ^ s 'on, whereby a 3-k,nd-5-.ayered film formed of a high 
laye n r (,h f ness: about 60 ^ an adh esive layer (thickness, about 1 0 m), a polymer compost 

sealS'J^^T 6 ? !U ' n,C ? 3 reCtan9 ' e °' 3 P redetermi ^ size and opposite sdes of the f,lm were heat 
raTeaTLT H 1 T' n K a film end of the cylmdr.cally-shaped f.lm was heat-sealed 

m JlT . n ^ a 9 ( PaCka9inQ ""^ WaS FX ° duCed - After 1,16 fi,m bfl 9 was «»* « com- 

> £ mS °- the 0Pen,n9 ^ ,hG te9 W3S heat seal ^ by a heat sealer, whereby the bag was hermetSlly 

tZ^ir: 0 r^ m ? * 9 ^ St0fed 31 r °° m ,6mperafure *» ° ne ™< h then, the LgZs ^nS* 
confirm the color tone and smell of the contents. As a result, no change was recognized. 



In a similar manner to Example 29 except that the conditions such as d,e gap were changed the polymer comco- 
srtion s,m,lar to that obtained in Example 12. a high-densrty polyethylene and an adhesive resin were subje*ed°oT 
extrusion. whereby a 3-k.nd-S-layered film formed of a high-density polyethylene layer (thickness: about 50^ an 
adhesive layer (thickness: about 20 M m). a polymer composition layer (thickness: about 20 „m>. an adhesive Ler 
(thckness. about 20 urn) and a high-density polyethylene layer (thickness: about 150 pm) was produced 

The f.lm so obtained was cut into a disc. A glass-made bottle filled with orange juice was covered with a metal 
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crown cap and with the disc as a packing (packing for container), and the bottle was hermetically sealed in a manner 
known osi ££ in the art. After the orange juice hermetically packed in the glass bottle was stored at room temperature 
for one month, the crown was removed and the color tone and smell of the contents were confirmed. As a result no 
change was observed. ' 

Example 33 

In a similar manner to Example 31. a film bag made of a 3-kind-5-layered film having a layer structure comprising 
a high-density polyethylene layer (thickness: about 60 urn), an adhesive layer (thickness: about 10 urn) a polymer com- 
> position layer (th.ckness: about 10 M m). an adhesive layer (thickness: about 10 M m) and a high-density polyethylene 
layer (thickness: about 60 Mm) was produced. 

The film bag was filled with an infusion fluid. The opening of the bag was heat-sealed by a heat sealer whereby the 
bag was hermetically closed. The infusion fluid thus hermetically packed was thereafter stored at 10°C tor one month 
There was recognized no change in a result of gas chromatography, color, smell or the like of the contents 

From the above-described results, it has been found that the above polymer composition is useful as a material for 
a medical container for infusion fluid. 

Example 34 

Using the polymer compos.t.on similar to that obtained in Example 12, pellets were prepared Those pellets were 
fed to a multilayer direct blow molding equipment for 3-kjnd-S-layer co-extrusion (preset temperature of the extruder for 
a polymer composition: 230°C), whereby a multilayered blow molding (a product having an internal volume of about 1 5 
liters and being formed of a cylindrical body, a cylindrical head installed continuously to one end of the body and a bot- 
tom installed continuously to the other end of the body) comprising 5 layers of 3 kinds was manufactured The blow 
molding had a layer structure comprising a high-density polyethylene layer, an adhesive layer, a polymer conposition 
layer, an adhesive layer and a h.gh<jensity polyethylene layer, when viewed from the outer surface side At the body 
portion, each of the high-dens.ty polyethylene layers had a thickness of about 850 jim. each of the adhesive layers 
(maleic acid modrfied polyethylene: "ADMER-NF 500". trade name, product of Mitsui Petrochemical Industries Ltd ) 
had a th.ckness of about 100 M m and the polymer composition layer had a thickness of about 100 pm. The blow molding 
had good external appearance and good transparency without cracks, spots and ununiform section. 

After the Wow molding so obtained was filled with 1 .0 liter of gasoline and was hermetically closed it was allowed 
to stand in a dark place for three months under the conditions of 40°C and 65% RH. During those months, no odor leak- 
age of gasoline occurred. Then, the blow molding was opened and gasoline was removed therefrom The state of the 
Wow molding was observed but no abnormalities such as cracks or quality change were recognized. In addition the col- 
lected amount of the gasoline was studied but no weight loss during storage was substantially recognized 

From the above-described findings, it can be understood that the blow molding having a layer of the above polymer 
composition is useful as a container, storage tank or transfer pipe, each for organic liquids. 

Example 35 



The polymer composition similar to that obtained in Example 12, a high-density polyethylene and an adhesive resin 
were co-extruded from a ring die and formed into a pipe, whereby a 3-kind-5-layered pipe (diameter about 5 cm) com- 
prising a h,gh<Jens.ty polyethylene layer (thickness about 3 mm), an adhesive layer (thickness: about 0 5 rnm) a pol- 
ymer composition layer (thickness, about 0.5 mm), an adhesive layer (thickness: about 0.5 mm) and a high«ensity 
polyethylene layer (thickness: about 3 mm) was produced 

The p.pe so obtained was cut into a predetermined length, which was used for one year as a hot-water pipe for 
heating. During that year, no hot water leakage owing to the generation of cracks or the like was recognized 

From the above-described finding, ri can be understood that the pipe having a layer composed of the above poly- 
mer composition is useful as a hot-water pipe for heating. 

Example 36 

Using the polymer composition similar to that obtained in Example 12, pellets were produced Those pellets were 
fed to a twin-screw extruder equipped with a T-d.e at 230°C under a nitrogen gas stream, extruded at a screw revolution 
speed of 200 rpm, and then monoaxially stretched at a draw ratio of 3 at 70°C. whereby a film of 15 pm thick was 
obtained. Onto one side of the film, a two-part urethane base adhesive (product of Toyo Morton Co Ltd ) in which "AD- 
585 , as a mam component, having a solid content concentration of 20 wt.% and "CAT- 10" as a hardening agent had 
been mixed at a weight ratio of 17:1, was applied by a gravure coater to give a coating weight of 2 g/m 2 (based on the 
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applied to the rigid polyvinyf chloride sheeT. ^^^^^£^L a T tt 3 ,0ad ° f 2 kg bein 9 

rigid polyvinyl chloride plate and the surface condition rTth Q 7 ? u S ' After that wei 9 ht of 
'ayerweresLed.but^ 

ings, rt has been confirmed that there occurs no S n fl of tnf n> , surface was recognized. From the find- 
side of the polymer composrtion film fayt 9 ° " the SUrface of the laminate ^ on the 

-—^^ 

aJe™^^ 



Claims 

1 . A polymer composition: 



(l> which comprises as the main components the following components (A) and (B): 
25 Component (A): an ethylene-vinyl alcohol base copolymer and • 

££££ 3 Jch *" mC ° Sed °' COmPOnen ' (fl> and " *~ «*»- - « « ,B, are sep. 
"thin a range o^i fo s « " " e ' 9h ' ' M ° "* COmponenl < A > <° »" (6) 

«lh°n a ranrje 75 ^ °' ' he eon, ' , °™« <*> >° «« component (B) (alls 

within a ranoe ol 85:15 10 15:85 ' £ "" > °' ,he ""WW (*> » «" component (B) lalls 

9. A molded or formed coda made ol the polymer composition as claimed in anyone ol claims , to 8. 
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1 0. A molded or formed product comprising a laminated structure lormed of at least one layer composed of the polymer 
composition as claimed in anyone of claims 1 to 8 and at least one layer composed of another material. 

11. A product comprising at least one layer composed of the polymer composition as claimed in anyone of claims 1 to 
8 wherein the product is a packaging material for food or drink, or a container, or a bag in box having an internal 
bag. or a container packing, or a medical container for infusion fluid, or a storage tank for organic liquids, or a trans- 
fer pipe for organic liquids, or a hot-water pipe for heating, or a resin-made wall paper. 

12. A product comprising the polymer composition as claimed in anyone of claims 1 to 8. wherein the product is a tire 
tube. 
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